Objective: To determine the effectiveness of a parent health report on fruit and vegetable consumption among preschoolers and kindergarteners. Design: Pre-post open design trial and a randomized controlled trial. Setting: A university-sponsored preschool and kindergarten. Participants: A total of 63 parents of preschool and kindergarten students participated in the pre-post open design trial and 65 parents participated in the randomized controlled trial. Intervention: Parents in intervention groups were given a parent health report providing information about their child's fruit and vegetable intake as well as recommendations for how to increase their child's fruit and vegetable consumption. 
INTRODUCTION
Dietary patterns established in childhood remain relatively consistent into adulthood. 1 The preschool years are particularly critical in establishing healthy lifelong eating habits. 2 Increasing fruit and vegetable consumption to at least 5 servings/d during childhood may reduce the probability of developing chronic diseases such as cancer, coronary heart disease, and stroke. 3 Therefore, assisting parents in fostering healthy dietary habits for their preschool-aged children may have long-term effects on children's health. Research supports several parent-directed methods for increasing fruit and vegetable intake in young children including serving them more often, making them readily available and accessible in the home, introducing children to a variety of fruits and vegetables, and consuming fruits and vegetables themselves. 4, 5 Parent-focused educational interventions have sought to increase fruit and vegetable consumption in a variety of ways ranging from providing resources such as newsletters and workbooks and conducting psychoeducational telephone calls 6 to interventions using sing-a-long workbooks and home visits. 7 The former study resulted in significantly increased vegetable availability in the home 6 whereas the latter study increased fruit and vegetable consumption among normal weight children by 0.2 servings/d. 7 One study targeting both the school and home environment by providing teacher training, child education at school, and parent handouts produced increased child vegetable but not fruit consumption. 8 Taken together, these studies suggested that increasing parents' knowledge of how to improve their child's consumption of fruits and vegetables and encouraging parental modeling of fruit and vegetable intake could result in increased child fruit and vegetable intake. Thus these behaviors were targets of the current intervention.
Although several documented interventions successfully promoted increased fruit and vegetable consumption in children, limitations to existing research should be noted. [6] [7] [8] First, these studies were time intensive for parents in that they required parents to engage in telephone or inhome appointments, and thus might have limited effectiveness for parents who may not have as much time to devote to nutrition education. 6, 7 Second, these studies required a significant time investment from interventionists, including developing nutrition education sessions and newsletters and making telephone calls. [6] [7] [8] Third, these studies used resources such as workbooks and audiocassettes which may become costly when produced in mass, making the intervention more difficult to disseminate. [6] [7] [8] Finally, previous interventions did not report child diet data to parents to highlight areas for improvement. [6] [7] [8] One potentially time-limited, simple, and low-cost way to engage parents in influencing their children's health behavior is through a parent health report. This approach has been used to increase parental awareness of their child's weight status. 9 Parents in an intervention group received a personalized health report that included information about the child's height, weight, weight status, and physical fitness test results as well as tips to reduce screen time and increase physical activity and fruit and vegetable intake. Results showed that parents with overweight children in the intervention group had a greater awareness of their child's weight status and were more likely to initiate weight control activities such as seeking medical services or engaging in dietary change or physical activities than were groups that did not receive the personalized health report. This study suggested that providing parents with a health-related report that targeted specific health behaviors might be an effective way to increase awareness of the health behavior and promote behavior change.
Consistent with the Theory of Planned Behavior, 10 the current study sought to affect behavior change by altering parents' behavioral intention, by targeting their subjective norms, attitudes, and perceived behavioral control. Subjective norms were targeted by reminding parents about the recommendation of 5 fruits and vegetables per day 11 and showing them how their child's consumption compared with these recommendations.
Revealing discrepancies between the child's intake and recommendations altered parental attitudes. Finally, providing parents with simple recommendations increased their perceived control. Together, these factors were hypothesized to promote parental behavior change. The researchers conducted 2 studies to evaluate the effectiveness of the parent health report intervention, a pre-post design open trial to provide proof of concept and a randomized trial to assess the effectiveness of the health report compared with a robust control condition.
METHODS

Open Trial (Study 1)
Participants. A total of 63 children (38 male and 25 female; median age [SD], 5 [0.5] years) of 120 students enrolled in a university-based preschool during the 2012-2013 academic year (52%) and their parents participated in this study. Children attended school 3 h/d and received 1 snack during the school day. The parent who self-identified as most responsible for preparing the child's meals was invited to complete the surveys. Preschool personnel sent an email inviting parents to consent to participate. Consent was obtained through an online survey. Parents received a $10 gift card for completing 2 online surveys.
Measures. Body weight was measured using a digital scale (Seca 869, SECA Corporation, Chino, CA) and height was measured in inches using a portable stadiometer (Seca 217, SECA Corporation) with participants wearing light clothing and no shoes. Measurements were conducted at the school. The standard Centers for Disease Control and Prevention formula 12 was used to calculate standardized body mass index (BMI) scores.
The researchers used the National Cancer Institute (NCI) Fruit and Vegetable Screener Questionnaire 13 to ascertain children's fruit and vegetable consumption over the previous month. This measure was originally developed for use with adults; the researchers adapted the survey to facilitate parent report of the child's diet (ie, they changed the referent from you to your child.) In every other respect the measure was identical to the original. This measure asked parents to report all fruits and vegetables consumed by the child, including those that were raw and cooked, eaten as snacks and at meals, eaten at home and away from home, and eaten alone and mixed with other foods. The item assessing fried potato consumption was not included in the analysis because potatoes are energy dense and nutrient poor and have been associated with an increased intake of snack products and lower fruit intake.
14 Parents were asked to rate the frequency of consumption of each fruit or vegetable per day over the past month. Although no validation studies have been conducted in children, the NCI screener correlates moderately well with 4 24-hour fruit and vegetable intake recalls in adults (r ¼ .51 and .66 forfemales and males, respectively).
13
GT3Xþ accelerometers (Actigraph, Pensacola, FL, 2013) were employed to assess physical activity. Fifteensecond sampling epochs were used to establish intensity categories based on previously validated cutoff points 15 ; total moderate to vigorous physical activity over 3 days comprised the physical activity variable.
Procedures. The authors' institutional review board approved all study procedures. Parents completed the NCI Fruit and Vegetable Screener Questionnaire as an online survey. Each child's average daily fruit and vegetable consumption was provided to parents along with the guideline that children should consume 5 fruits and vegetables per day.
11 Parents were also given a standardized set of recommendations for increasing fruit and vegetable intake provided by the US Department of Agriculture on choosemyplate.gov. 16 The report was sent to parents via e-mail at the end of the week when the baseline data were collected. A month after baseline data were collected, parents again completed the NCI Fruit and Vegetable Screener Questionnaire to ascertain postintervention fruit and vegetable intake.
Randomized Trial (Study 2)
Participants. A total of 65 children (32 male and 33 female; mean age [SD], 5 [0.4] years) of the 120 enrolled in the university-based preschool during the 2013-2014 academic year (54%) and their parents participated in this study. Similar to the previous study, all parent-child dyads participating in the preschool and kindergarten programs were invited to participate in this study. Data collected from dyads (n ¼ 1) who had previously participated in the 2012-2013 academic year were excluded from these analyses. The parent who self-identified as primarily responsible for preparing meals was asked to complete the surveys. Consent and incentives to participate were identical to those in the previous study.
Procedures. Participants were randomly assigned to either an intervention (n ¼ 32) or a control (n ¼ 33) group using a random number generator. Parents in the intervention group received the same health report as those in study 1 with the exception that they received more recommendations for how to increase their child's fruit and vegetable intake (ie, a more detailed list of parent behaviors to increase consumption). A delayed intervention group completed the initial baseline assessment but received no intervention until after the completion of the week 4 assessment. Parents of both groups completed the NCI Fruit and Vegetable Screener Questionnaire at baseline, after weeks 1 and 2, and again after week 4 to ascertain postintervention/postbaseline fruit and vegetable intake. This measure was adapted to ascertain fruit and vegetable consumption over the previous week to allow for more frequent measurement of intake.
Data analysis. Before data analysis, primary study variables were inspected for data accuracy, missing values, and conformity to the assumptions of multivariate statistical analysis. All participants completed the NCI Fruit and Vegetable Screener Questionnaire at baseline and followup in study 1. In study 2, 22.6%, 44.4%, and 14% of combined fruit and vegetable data were missing at times 1, 2, and 3, respectively. Missing values analysis determined that data were missing at random; thus the researchers used full information maximum likelihood estimation. Levene's test was conducted to determine homogeneity of variance and no significant variance was found between groups for either study.
The researchers employed latent growth curve modeling with Bayesian estimation 17,18 to determine growth trajectories for fruit and vegetable consumption in studies 1 and 2. This technique assesses inter-and intraindividual change in primary study variables over time using latent change modeling. Data were analyzed to determine whether there was an interaction between fruit and vegetable consumption and physical activity. In addition, age, gender, and BMI percentile were accounted for as covariates. All statistical analyses were conducted using Mplus (version 7.3; Muth en & Muth en, Los Angeles, CA; 2014).
In study 1, a growth model was constructed with time 1 and 2 data points assuming a linear trajectory. The variances of the intercept and slope factors were fixed at 0 for model identification. Bayesian estimation was used because of the small sample size.
17, 18 Without informative priors, maximum likelihood estimates were used as priors by default. 18 The model was estimated in a 2-step approach. The first model was estimated without conditioning growth trajectories on covariates. The second model included covariates of age, gender, physical activity, and BMI percentile to determine whether they affected the growth trajectories.
In study 2, a 2-group latent growth curve model that best represented change in fruit and vegetable consumption over time was identified, evaluating both linear and nonlinear models. Two series of growth models were estimated, 1 for fruit consumption and 1 for vegetable consumption. The growth models included 2 latent factors, the intercept and the slope. Homogeneity in growth trajectory was assumed owing to small sample size. Factor loadings for the intercepts for the 4 observed measures of fruit and vegetable consumption were fixed at 1. Factor loadings for the slope factor were set to 0, 1, 2, and 4 for the linear trajectory; 0, 0.69, 1.1, and 1.61 for the logarithmic trajectory; and 0, 0.1, 0.4, and 1.6 for the quadratic trajectory. Means and variances for the intercept and slope factors were allowed to be freely estimated and vary across classes.
Similar to the open trial, Bayesian estimation was used because of the small sample size and maximum likelihood estimates were used as priors by default.
17,18 A 2-step approach was again adopted for this estimation. Table 1 displays demographic and anthropometric data. Participants were primarily non-Hispanic white (94%) and in the healthy weight range (77%). The children's parents all had at least a high school education.
RESULTS
Study 1
Participants started the intervention with an average of 0.82 servings of fruit and an average of 0.74 servings of vegetables per day. Fruit consumption did not change significantly over time as indicated by the nonsignificant slope (mean, 0.2; P ¼ .07). Vegetable consumption increased to 1.04 servings/d, as indicated by the significant slope (mean, 0.3; P < .01). Covariates of age, gender, physical activity, and BMI percentile were found to have no significant effects on fruit and vegetable consumption. Table 2 lists demographics and anthropometric data for the intervention and control groups. The children were again primarily non-Hispanic white (89%) and in the healthy weight range (80%). Participating parents also all had at least a high school education. Significant gender differences were found between groups (P ¼ .04); the intervention group had 26% more males than the control group did. No other demographic differences existed between intervention and control groups.
Study 2
Fruit. Because it was hypothesized
that the intervention and control groups would differ in growth trajectories, combinations of linear and nonlinear growth trajectories were evaluated in both groups. Information criteria were then compared to determine which trajectory pattern best fit the data. The quadratic model for the intervention group and the linear model for the control group had the smallest Bayesian information criterion, indicating the best trajectory. The intervention group started with an average of 1 serving of fruit per day. These respondents did not change significantly over time, as indicated by the nonsignificant slope (mean, -0.03; P ¼ .21).
The control group started with an average of 0.94 servings of fruit per day. These respondents demonstrated a significant decrease in fruit consumption to 0.76 servings/d, as indicated by a significant negative slope (mean, -0.06; P ¼ .01).
Next, the covariates of age, gender, physical activity, and BMI percentile were included to determine whether they were associated with growth trajectories. Physical activity was associated with initial fruit consumption in the intervention group (unstandardized mean, 0.002, P ¼ .03; standardized mean, 0.37, P ¼ .03) but not in the control group; however, this was not related to the overall change. Although the overall change was nonsignificant, there was a gender difference; the change in male consumption was lower than that of female consumption (mean, -0.22; P ¼ .01).
Another unconditional growth curve model was run to determine whether growth trajectory differed across gender by intervention group. An interaction was found between gender and the intervention group (intervention or control), with fruit consumption decreasing in the control group for males (mean, -0.1; P ¼ .01) but staying the same in the both control and intervention group for females.
Vegetables. Next, linear, logarithmic, and quadratic growth trajectories for vegetable consumption were explored as well as combinations of these trajectories. After comparing the groups to ascertain the best growth trajectory, it was determined that the logarithmic model had the smallest Bayesian information criterion, indicating the best trajectory. The intervention group started with an average of 0.76 servings of vegetables per day. These participants demonstrated a significant increase in vegetable consumption to 1.41 servings/ d, as indicated by the positive slope (Figure) (mean, 0.19; P < .01). The control group started with an average of 0.72 servings of vegetables per day. These participants did not change significantly over time, as indicated by the nonsignificant slope (mean, 0.09; P ¼ .1). Finally, the covariates of age, gender, physical activity, and BMI percentile were included to determine whether they affected the growth trajectories. None of these variables had an effect on the overall model.
DISCUSSION
Adequate fruit and vegetable consumption in young children is important because it engenders lifelong healthy eating habits. 3, 19 Parents have an important role in helping their children establish healthy patterns of fruit and vegetable consumption. This study sought to evaluate the effectiveness of a parent health report intervention for altering fruit and vegetable consumption. Consistent with the hypotheses, providing parents with a health report resulted in increased vegetable consumption. However, no significant increase in fruit consumption was noted.
Results from the open trial indicated that vegetable consumption increased over a month by approximately 0.3 servings/d. In the randomized controlled trial, vegetable consumption increased in the intervention group by approximately 0.65 servings over the course of a month, an estimate indicating superior effects in the randomized trial. In the randomized trial (but not the open trial), parents were required to complete the NCI Fruit and Vegetable Screener Questionnaire multiple times throughout the intervention, which required them to reevaluate their children's fruit and vegetable consumption more frequently than in the open trial. It is possible that this weekly reminder served as an additional component of the intervention by bringing to parents' attention their child's fruit and vegetable intake, resulting in a greater overall effect. Furthermore, in the randomized trial more recommendations for increasing fruit and vegetable consumption were provided, which may have provided parents with more ideas of how to implement this behavior change, thereby improving perceived control and increasing the probability of behavior change. 10 Taken together, results from these 2 studies suggested that a parent health report may be an effective tool to increase children's vegetable consumption. This finding lends support to the hypothesis that providing parents with data regarding their child's dietary habits and comparing these data with health behavior recommendations (eg, normative comparison) engenders parent and child behavior change. Moreover, parents were provided with education about methods for promoting child diet change, a strategy that was previously shown to be effective. 7 This study provided both normative feedback and recommendations to engender child diet change in the same treatment package, which precluded a components analysis to determine which method is the active ingredient (or whether both are important).
Compared with other, more resource-intensive studies targeting parents of preschoolers that showed increases in vegetable consumption ranging from 0.1 to 0.24 servings/d, 6, 8 this study showed a greater increase in vegetable intake. This indicates that targeting vegetable consumption specifically through a parent health report might provide a simple way to improve this health behavior. Results from the current study can also be considered commensurate with other interventions targeting fruit and vegetable consumption for young children. A systematic review examining behavioral interventions of varied intensity reported an average of 0.6 servings/d increase in combined fruit and vegetable intake, 20 whereas another review found effects ranging from an increase of 0.3 to 0.99 servings of fruits and vegetables per day. 21 A previous study determined that an average of 0.7 servings daily increase in fruit and vegetable consumption (commensurate with the observed increase of 0.65 vegetables) could result in a reduced risk of stomach, esophageal, and mouth/pharynx/larynx cancers by 15%, 31%, and 28%, respectively. 22 Thus, the effect of this intervention might result in not only an improved diet but also reduced risk of chronic diseases.
Neither the open trial nor the randomized trial produced significant increases in fruit consumption. This finding might be attributable to the method of providing aggregate fruit and vegetable consumption estimates, which may have made it difficult for parents to determine whether to focus their efforts on encouraging fruit or vegetable consumption. Future studies may benefit from providing parents with separate fruit and vegetable consumption estimates. This study's findings indicated that girls consumed more fruits than did boys, a finding consistent with previous research showing that females increase fruit and vegetable intake to a greater degree than do males when receiving teacher-led or parent engagement interventions. 23 Although vegetable intake increased by approximately half a serving per day in this study, overall fruit and vegetable intake still fell significantly below the guideline of 5 servings of fruits and vegetables per day (study 1: baseline mean ¼ 1.56, post mean ¼ 1.86; study 2: baseline intervention mean ¼ 1.76, postintervention mean ¼ 2.41). Although this tool may decrease the discrepancy between a child's actual intake and the recommended intake, it may not be enough to eliminate the gap altogether.
Several limitations to the current studies should be noted. First, although the NCI Fruit and Vegetable Screener Questionnaire was validated in adults, 13 it was not validated in preschoolers and kindergarteners. Moreover, this measure yielded estimates for adult serving sizes and no valid method exists for scaling the data to child-specific portion sizes. Therefore, the current study may have underestimated children's fruit and vegetable consumption because it used an adult serving size standard. In addition, this was a parent report measure and not an objective observation of the child's daily fruit and vegetable intake. Thus, reported fruit and vegetable intake was limited to parents' knowledge of their child's intake. Second, participant samples for the 2 studies were drawn from the same preschool/ kindergarten (albeit in subsequent academic years), which created the possibility that parents communicated with each other about the study and may have led to contamination of the randomized trial. Third, effects of the intervention were measured over only a month, limiting conclusions about long-term effects. Fourth, this study's sample was predominantly non-Hispanic white, middle to upper income, and well educated, which limited generalizability to diverse populations. Next, study 2's sample had significantly more boys than girls, which may imply that these findings were less representative of girls. Furthermore, the restricted age range of this study limited generalizability to children of other ages. Finally, both studies had relatively small sample sizes, which led to low power to detect treatment effects, a problem that was more acute in the randomized trial. The authors conducted simulations to estimate the power of the growth model parameters for study 2, which indicated that the power to detect differences in intercepts and slopes was relatively low for both fruit and vegetable consumption (fruit ¼ 0.14, 0.30; vegetable ¼ 0.07, 0.39). This power limitation suggested that the findings were certainly not definitive and additional clinical trials with larger samples would increase confidence in the initial findings.
IMPLICATIONS FOR RESEARCH AND PRACTICE
Taken together, these 2 studies provide preliminary evidence for the effectiveness of a simple, low-cost intervention for increasing vegetable intake in preschoolers and kindergarteners. This intervention produced increases in vegetable consumption commensurate with comparable (albeit more intensive) interventions. Because the intervention model tested was relatively simple, it could be implemented within a school or primary care setting or as part of a larger multicomponent diet intervention. This intervention was not tested in a primary care setting, so future studies should be conducted to examine the feasibility of a health report within this setting. Automating the scoring of the NCI Fruit and Vegetable Screener Questionnaire would allow for personalized reports to be generated more quickly, increasing the ease of implementation. Figure.
Preschoolers' and kindergarteners' vegetable consumption in the randomized controlled trial.
